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1078–5884/00The Use of Pressure Change on Standing as a Surrogate
Measure of the Stiffness of a Compression Bandage
H. Partsch*Medical University of Vienna, Vienna, AustriaObjectives. To measure interface pressure and stiffness of short-stretch and long-stretch bandages applied with variable
strength. These parameters have a deciding influence on the efficacy of compression therapy in chronic venous disease.
Design. Prospective experimental study.
Materials and methods. Compression bandages constructed of different materials were applied with light, moderate and
high pressure. Interface pressure was measured over the medial aspect of leg in 12 healthy individuals. Long-stretch bandages
were compared to short-stretch bandages. The difference between standing and supine pressure was used to characterise
stiffness.
Results. In the low pressure range the median pressure of the final bandage in the supine position was between 18 and
30 mmHg for the long-stretch and 25–33.5 mmHg for the short-stretch bandages (p!0.01, Mann–Whitney U-test). The
median differences between standing and supine pressure were between 2.0 and 8.5 for the long-stretch and 6.0–10.5 mmHg
for the short-stretch material.
In the group of moderate pressure the median values in the supine position were in a range 33.0–58.0 mmHg, for long-
stretch and 39.0–49.5 mmHg for short-stretch bandages, with an increase after standing of 6.0–7.0 mmHg with long-
stretch, and 14.0–21.0 mmHg with short-stretch bandages (p!0.01, Mann–Whitney U-test).
The median supine pressure values in the high pressure group were between 52.0 and 67.0 mmHg for long-stretch and 59.5–
67.0 mmHg for short-stretch material. The median increase during standing ranged between 8.5 and 14.5 mmHg in the
elastic group and 23.0–33.0 in the inelastic group (p!0.01, Mann–Whitney U-test).
Conclusion. A bandage applied with light pressure corresponds to the moderate pressure category of stockings. The
difference between the sub-bandage pressure from supine to standing can be used to characterise the stiffness of a bandage.Keywords: Compression bandages; Interface pressure; Stiffness; Elasticity; Extensibility.Introduction
The European prestandard for compression hosiery,
differentiates five ‘compression classes’ (Table 1):1
Standards for compression bandages are currently
only available in Great Britain.2 According to BS 7505,
three types of bandages are differentiated:
Type 1 light, adjusting bandages (for fixing local
wound covers),
Type 2 light supporting bandages,
Type 3 compression bandages:
(3A) light (!20 mmHg)
(3B) moderate (21–30 mmHg)
(3C) high (31–40 mmHg)
(3D) extra high (41–60 mmHg).ng author. Dr Hugo Partsch, MD, Baumeistergasse 85,
a, Austria.
: hugo.partsch@meduniwien.ac.at
0415+ 07 $35.00/0 q 2005 Elsevier Ltd. All rights reserA recent consensus document on an international
classification of compression bandages called for the
validation of the in vivo interface pressure of different
compression systems and the correlation of these
pressure values with clinical results as a primary task.3
In fact, no systematic measurements of the interface
pressure of different bandage materials applied in
varying strengths have been reported previously.
The haemodynamic efficacy of compression ban-
dages not only depends on the interface pressure, but
also on the elastic properties of the material used.4–6
The differentiation between ‘elastic’ long-stretch
bandages (extensibilityO100%) and ‘inelastic’ short-
stretch bandages (extensibility!100%)7 is based on
manufacturers’ laboratory tests. The combination of
different compression materials in several layers
applied with individual bandaging techniques and
varying degrees of tightness, results in bandages for
which the decisive characteristics of interface pressure
and ‘elasticity’ are difficult to estimate in vivo. In termsEur J Vasc Endovasc Surg 30, 415–421 (2005)
doi:10.1016/j.ejvs.2005.06.002, available online at http://www.sciencedirect.com onved.
Table 1. Pressure ranges of the CEN pre-standard for compression
stockings for comparison purposes
Compression class Compression pressure (mmHg) on ankle
(B)*
CCl A light 10–14
CCl I mild 15–21
CCl II moderate 31–43
CCl III strong 45–61
CCl IV very strong 65 and higher
The CEN values correspond to the ankle region (B). The CEN
document specifies a lower pressure for B1 (70–100% of B).
* Hypothetical cylinder in the ankle area.
H. Partsch416of dose finding, interface pressure and extensibility
(‘stiffness’) of composite compression bandages
should be measured in future studies. In addition,
measurement of pressure and of stiffness will also
become vitally important for educational purposes.8
The European prestandard for compression hosiery
(CEN) defines ‘stiffness’ as the pressure increase (in
mmHg) per centimetre of circumference increase of
the leg.1 This parameter is usually measured in the
laboratory, but can also be assessed in the individual
subject. Stolk et al.9 have described a method to
calculate a ‘dynamic stiffness index’ while walking.
This is a very elaborate method, and primarily of
academic interest since it requires extensive instru-
mentation limiting its use for routine measurements.
Instead of walking on the treadmill, interface
pressure may be determined while standing on the
affected leg. The position is equivalent to a snapshot
during the course of a step. Using pressure transdu-
cers, which also allow dynamic measurements it can
be shown that there is an excellent correlation between
the standing pressure and the peak pressure values
during walking.10 When placing the pressure trans-
ducer on the position of the lower leg where the
greatest circumference increase is measured when
standing up from a supine position, the level of the
pressure increase reflects stiffness of the compression
material used. The use of long-stretch bandages and
medical compression stockings results in a lower
pressure increase than inextensible short-stretch
bandages.10–14 The greatest circumference increase
occurs at the transition of the muscular into the
tendinous part of the medial gastrocnemius muscle
(point B1 in the CEN document),1 where the pressure
transducer is placed behind the tibia.
The circumference increase of this lower leg seg-
ment is between several millimeters and 1.5 cm.8,9,15
Assessment of this change with a tape measuring is
difficult and unreliable.
In contrast to compression stockings, for which
manufacturers declare pressure ranges, the pressure
exerted by a bandage depends entirely on the skill andEur J Vasc Endovasc Surg Vol 30, October 2005experience of the bandager. No clear standards are
available and few investigators have measured the so-
called interface pressure of bandages.
For a user of compression bandage, three questions
are of practical importance:
(1) What is the interface pressure of the applied
bandage at rest, with the patient lying down
(resting pressure)?
(2) What is the pressure while standing and walking
(working pressure)?
(3) How do resting and working pressures of fixed
bandages change over time during periods of
several days after application?
The aim of the study was to measure the interface
pressure and stiffness of ‘elastic’, short-stretch and
‘inelastic’, long-stretch bandages, each applied with
three different compression strengths with the inten-
tion of achieving low, moderate and high compression.Materials and MethodsSubjects
The trial was carried out in six healthy volunteers (12
legs, CEAP: 10 C0, 2 C1), three men and three women,
aged between 26 and 65 years. The subjects were
informed of all details of the investigation and gave
their consent to participate.Compression bandages
Table 2 shows the different bandages that were tested.
The application technique complied with the manu-
facturer’s recommendations contained in written
information supplied in the bandage packs.Measuring method
Pressure was measured with a flexible, air-filled
transducer (Kikuhimew, TT Medi Trade, Soleddet 15,
DK 4180 Soro) with dimensions of 30!38!3 mm that
was attached on the leg behind the edge of tibia at the
height of B1,1 which is between 10 and 15 cm above the
medial malleolus.
In order to verify the reliability of this measurement
we had previously compared the pressure measure-
ment from this transducer to a centrally positioned
blood pressure cuff. This was gradually inflated to
20, 40, 60, 80, 100 and 120 mmHg. The accuracy of
Table 2. Bandage material that was tested
Trade name Length (stretched) Longitudinal extensibility Composition
Long-stretch
Perfekta super 10 cm!7 m w160% 96% Cotton, 4% elasthan
Perfekta strong 10 cm!7 m w170% 94% Cotton, 6% elasthan
Velpeauveine plus forte* 10 cm!4 m w120% (70% transverse) 25% Cotton, 67% viscose, 8%
elastodien
Short-stretch
Rosidal K 10 cm!5 m w90% 100% Cotton
Rosidal sys kit
Tg-tube To be cut 67% Cotton, 33% viscose
Rosidal soft 10 cm!2 m!0.2 cm Padding 100% Polyurethan
Rosidal K 8 cm!5 m w90% 100% Cotton
Rosidal K 10 cm!5 m w90% 100% Cotton
* Marked with triangles to indicate optimal stretch.
Compression Pressure and Stiffness 417measurement was calculated in six subjects during 15
repeated measurements. This revealed an average
deviation of the Kikuhime values of 1% at a
manometer pressure of 80 mmHg and 6% in the
pressure range of 20–120 mmHg, respectively. The
coefficient of variation for repeatedmeasurements was
between 2.1% (120 mmHg) and 7.1% (20 mmHg).10Trial procedure and measurement parameters
The compression bandages described above were
always applied by the same experienced bandager,
once with intentionally low pressure, then with
moderate and finally with high pressure in an
ascending spiral technique. The strength of bandage
application was at the operators discretion, the
‘moderate range’ corresponding to the pressure
which is usually exerted in the routine treatment of a
venous ulcer patient. Pressure measurements in a
horizontal supine position and in a standing position
with weight borne by the bandaged leg were carried
out after the relevant bandage had been applied. The
pressure transducer was covered at least by two layers
of the bandage.
The difference of the pressure between standing
and supine position was taken as a parameter for
characterizing the stiffness.10Statistics
Median values and interquartile range (IQR) of the
individual measurements are used as descriptors. The
comparison between the different bandages was done
with the non-parametric Kruskall–Wallis test with
multiple comparisons according to Dunn. Paired data
were analyzed using the non-parametric Mann–
Whitney U-test. The scatter diagrams and thestatistical analysis were prepared using the software
GraphPad.16Results
Table 3 summarises the pressure values in lying and
standing positions for the bandages used at low
compression. With intentionally loose bandaging,
only Perfektaw super revealed a median pressure of
the final bandage in supine position of less than
20 mmHg. With all other bandage types, the median
pressure values were higher than 20 mmHg, with the
multiple-layer Rosidalw sys even higher than
30 mmHg. Using this bandage type, the padding
layer Rosidalw soft alone achieved median pressures
in supine position around 20 mmHg.
In all cases, the median values of the pressure
difference between standing and supine were below
11 mmHg, with the lowest values for Perfektaw super,
which differs significantly from the results with
Velpeauw veine plus forte and Rosidalw sys.
When using a moderately strong bandaging tech-
nique, the median pressure values of the bandages in
supine position were between 33 and 58 mmHg, with
Perfektaw super having the lowest value (Table 4). The
most distinctive pressure increase after standing up is
achieved with the Rosidalw sys bandage (median
pressure difference 21 mmHg). This value is signifi-
cantly higher than the pressure increases with the
elastic bandages Perfektaw super, Perfektaw strong and
Velpeauw veine plus forte.
When bandages were applied very tightly, median
pressures in supine position of between 45 and over
70 mmHg were achieved (Table 5). The short-stretch
bandages (Rosidalw and Rosidalw sys) demonstrated
significantly higher pressure increases in standing
position than the long-stretch Perfektaw strong and
Velpeauw veine plus forte. Only Perfektaw superEur J Vasc Endovasc Surg Vol 30, October 2005
Table 3. Pressure values (median value and interquartile range, mmHg) at B1, in supine and standing positions of the various bandage
types with a low pressure bandaging technique
Low pressure bandaging
Supine Standing Standing–supine
(A) Perfektaw super 18.0, 14.0–22.5 20.5, 18.0–23.0 2.0, 0–3.0
(B) Perfektaw strong 23.5, 22.5–27.0 28.0, 24.0–31.5 2.0, 1.0–6.5
(C) Velpeauw veine plus forte 30.0, 25.0–33.0 33, 30.5–37.0 8.5, 6.0–12.0
(D) Rosidalw 25.0, 21.5–29.0 32.5, 27.0–35.5 6.0, 5.0–8.0
(E) Rosidalw sys 33.5, 29.5–35.5 43.5, 34.0–48.5 10.5, 1.5–15.5
p!0.05 A/B, D/E A/B, C/E A/E
p!0.01 A/D, B/E A/D, D/E A/C
p!0.001 A/C, A/E A/C, A/E, B/E
Not significant B/C, B/D, C/D, C/E B/C, B/D, C/D A/B, A/D, B/C, B/D, B/E,
C/D, C/E, D/E
Statistical comparison between the bandages is presented at the bottom of the table.
H. Partsch418achieved a median pressure increase of 14.5 mmHg,
an indication that the bandage was stretched to
maximum extension without any remaining retention
force. In standing position, Rosidalw sys achieved
pressure values exceeding 100 mmHg.
Fig. 1 shows a comparison between Perfekta strong
and Rosidal sys, both bandages applied with moderate
pressure. Standing up leads to a significant increase of
pressure with short-stretch Rosidal sys but not with
long-stretch Perfekta strong.
Fig. 2 shows the pressure values in the supine and
in the standing position for Rosidal sys after light,
moderate and strong application.Discussion
Following the European prestandard for compression
hosiery, which the German RAL recommendation has
also widely followed in its recent version,17 an
international consensus group has recently suggested
a standardisation of compression bandages.3 The
paper differentiates three ‘pressure classes’:
† light compression (!20 mmHg)Table 4. Pressure values (median value, IQR, mmHg) at B1, in supine
types with a medium pressure bandaging technique
Moderate pressure bandaging
Supine
(A) Perfektaw super 33.0, 27.5–39.0
(B) Perfektaw strong 46.0, 40.0–52.5
(C) Velpeauw veine plus forte 58.0, 52.5–61.5
(D) Rosidalw 39.0, 32.5–44.5
(E) Rosidalw sys 49.5, 42.0–51.5
p!0.05 A/E
p!0.01
p!0.001 A/C, C/D
Not significant A/B, A/D, B/C, B/D, B/E,
C/E, D/E
Eur J Vasc Endovasc Surg Vol 30, October 2005† moderate compression (20–40 mmHg)
† strong compression (40–60 mmHg).
Our in vivo measurements demonstrate that the
pressures of the final bandage, which contains at least
two layers, are always higher than those specified in
the consensus paper.
This is particularly true for the pressure ranges of
light and strong compression. It should be emphasised
that in the present trial we have intentionally used
only two layers over the pressure transducer for better
comparability, whereas in routine practice bandage
systems usually contain more layers.
When we compare our pressure values with the
specifications of the CEN document for compression
stockings1 (Table 1), loosely applied bandages with
pressure ranges between 18.0 and 33.5 mmHg at B1 in
the supine position (Table 3) would correspond to
graduated elastic stockings of the moderate com-
pression class II range (23–32 mmHg at B, down to
70% lower values for B1). Moderately tight applied
bandages produce pressure ranges comparable to
those of class III-stockings (‘strong compression’).
A very strong compression with pressures exceed-
ing 60 mmHgwas considered by the consensus group3
not to be required for the standard therapy of venousand standing positions as well as statistics of the various bandage
Standing Standing–supine
42.0, 31.5–49 7.0, 5.5–9.0
52.5, 46.5–58.5 5.5, 3.5–8.5
65.5, 56.5–71.0 6.0, 4.5–9.5
51.5, 45.5–57.5 14.0, 9.0–17.0
67.0, 59.0–81.5 21.0, 12.5–28.5
A/E, C/E
A/C, A/E B/E
A/B, A/D, B/C, B/D, B/E,
C/D, C/E, D/E
A/B, A/C, A/D, B/C, B/D,
C/D
Table 5. Pressure values (median value, IQR, mmHg) at B1, in supine and standing positions as well as statistics of the various bandage
types with a high pressure bandaging technique
High pressure bandaging
Supine Standing Standing–supine
(A) Perfektaw super 52.0, 47.5–61.0 63.0, 57.0–93.5 14.5, 8.5–31.5
(B) Perfektaw strong 64.5, 60.5–74.5 74.0, 65.5–92.5 9.5, 6.0–18.0
(C) Velpeauw veine plus forte 67.0, 61.5–83.5 75.0, 67.5–94.5 8.5, 6.0–12.0
(D) Rosidalw 59.5, 54.0–70.0 85.0, 76.5–93.5 23.0, 16.5–34.5
(E) Rosidalw sys 67.0, 63.0–71.5 103.0, 91.0–108.0 33.0, 24.5–43.5
p!0.05 A/C, A/E C/D
p!0.01 A/E B/E
p!0.001 C/E
Not significant A/B, A/D, B/C, B/D, B/E,
C/D, C/E, D/E
A/B, A/C, A/D, B/C, B/D,
B/E, C/D, C/E, D/E
A/B, A/C, A/D, A/E, B/C,
B/D, D/E
Compression Pressure and Stiffness 419ulcers, but only for cases complicated by lymphoe-
dema. In our daily practice, we use high pressure
short-stretch bandages quite frequently in patients
with severe oedema. Completely rigid zinc-paste
bandages (Unna’s boot) covered by a short-stretch
bandage are applied with very high pressure,
especially in patients with severe lipodermatosclerosis
and deep vein thrombosis.18
It has to be stressed that for the non-elastic
bandages the reported pressure values of up to
70 mmHg in the supine position dramatically decrease
in the first fewminutes after application due to the fact
that tissue fluid is displaced and the limb circumfer-
ence is reduced. This is the reason why bandages are
tolerated, even when they are initially extremely tight.
Elastic materials applied at that pressure are not
tolerated since the compression does not decline with
displacement of tissue fluid.
It is difficult to justify that the proven technique ofFig. 1. Pressure values at B1 obtained by Perfekta strong as
an example for a long-stretch bandage and by the short-
stretch Rosidal sys kit. The median values of the two
bandage types in the supine position are comparable. The
pressure increase after standing up is low and not significant
for the long-stretch bandage but highly significant for the
short-stretch material (***p!0.001).compression bandaging relies for its efficacy on the
experience and skill of the bandager. In general, there
is little indication to the user what pressure he
applying. This study shows that the interface pressure
achieved depends greatly on the application technique
and the elasticity of the material of the bandage. This
lack of control of therapeutic dose is unacceptable
clinically and scientifically. Several of the published,
randomised, controlled comparisons between differ-
ent bandage systems have generated questionable
results, often not proving the inferiority of a certain
bandage type, but rather an inadequate technique in
applying the bandage by inexperienced users.19
The pressure of applied bandages depends mainly
on the force that the user exerts during application.
Using multilayer systems each bandage adds just over
the half the pressure achieved by the same bandage
when applied alone.20 In severe cases of chronic
venous insufficiency such as venous ulcers, higherFig. 2. Comparison of the median pressure ranges of the
short-stretch bandage Rosidal sys after light, moderate and
strong application. Standing leads to a significant increase of
pressure as an indicator of the high stiffness of this bandage
(**p!0.01, ***p!0.001).
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H. Partsch420compression pressures have shown better results,19
whereas for milder stages lower pressures are used.
Few studies have attempted to confirm this concept by
haemodynamic investigations.21
In addition to the interface pressure the material
plays an additional decisive role, influencing the
efficacy of the bandage. It has been shown that in
patients with deep venous incompetence, ‘inelastic’
material achieves better control of venous reflux than
‘elastic’ bandages applied at the same interface
pressure.6 By using high enough levels of compression
venous hypertension during walking can be reduced
in patients with chronic venous insufficiency.3 A high
working pressure, that is, high-pressure peaks while
walking, may be able intermittently to compress
incompetent deep veins, so that venous reflux is
hindered. Ju¨nger et al. have reported a positive
correlation between the ratio of working and resting
pressure and venous refilling time measured using
plethysmography.4
The performance of a final bandage consisting of
several fabrics cannot be predicted by in vitro
measurements alone. An increasing number of various
compression bandages are supplied as ‘multilayer
kits’. Additionally, new materials have been
developed that make differentiation of bandages into
those classified as ‘inelastic’ short-stretch bandage and
‘elastic’ long-stretch bandage difficult or impossible. In
these cases, the behaviour of the final bandage on the
leg is more important than the manufacturer specifica-
tions and should be investigated in future trials.
Using the Rosidalw sys bandage as a model for
‘inelastic’, short-stretch bandage material, we found
that the stiffness depends not only on the material but
also on the pressure at which it was applied. The
pressure difference between the supine and standing
position is lower after light bandage application but
higher in the moderate and high-pressure range
(Fig. 2).
Several systems for measurement of the com-
pression pressure applied by bandages and stockings
on the patient leg have been available for years and
have found limited use in some centres.4,7,8,11–13,20,22,23
Recently, the simple, robust and cost-efficient Kiku-
hime instrument was introduced, which has been
shown to provide reliable and reproducible data.10
This also makes it suitable for general use outside
specialised centres. The main disadvantages of the
instrument with the small transducer are the non-
optimal ratio of bearing surface and probe thickness23,24
and the lack of a continuous readout of pressure. This
prevents its use in making pressure measurements
during exercise. However, this study shows that the
instrument cannot only measure bandage pressures atEur J Vasc Endovasc Surg Vol 30, October 2005any position on the leg, but it also facilitates
assessment of stiffness of the final bandage.
The European prestandard for compression hosiery
defines stiffness as pressure increase per centimetre of
circumference increase on the measurement site.1 Such
a circumference increase occurs during walking by
muscular contraction, but also while actively standing
and shifting weight onto the leg under investigation.
As Stolk et al. demonstrated, the segment with the
maximum increase of leg circumference is at the
measurement position B1, that is where the over
the medial aspect of the calf where the muscular and
tendinous parts of gastrocnemius join.9 During muscle
contraction the circumference may decrease over the
proximal part of the calf as well as distally to B1. The
increase of circumference in the region of B1 is mainly
caused by protrusion of the tendon during standing
and walking. This leads to a diminution of the local
radius of curvature of the limb so that at this point a
higher pressure increase will be measured than in
other portions of the leg. A small pressure transducer
as used in this study will therefore show higher
pressure differences between standing and supine
positions than larger transducers which also cover flat
parts of the leg. When pressure changes are to be used
as a surrogate measure of stiffness, the dimension of
the transducer has to be considered. Exact positioning
of the transducer in the B1 location, behind the medial
tibial border is essential. Assuming the body position
of an actively standing person is a snapshot of a step, it
is also possible to assess stiffness with the simple
Kikuhime pressure transducer. The greater the press-
ure increase from the supine to the standing position,
the stiffer and more unyielding is the bandage
material.12 Measurement of this type are only com-
parable between different centres if the same transdu-
cer type is used and it is applied at the exactly the same
place on the limb.Acknowledgements
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